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AB The compns . with improved adhesion to substrates, esp. aluminum 
substrates, comprises a binder component contg. .gtoreq.l active 
hydrogen-contg. compd [e.g., acrylic-based clearcoat (DC 88)], and a 
hardener component contg. (A) an isocyanate functional compd. [e.g., DH 45 
(HDI-based curing agent)] and (B) a silane oligomer with 
.gtoreq.2 free isocyanate groups contg. a reaction product of the 
isocyanate functional compd. (A) and a coupling agent comprising (i) 
.gtoreq.l alkoxysilane functional group and (ii) .gtoreq.l isocyanate 
reactive group selected from thiol, secondary amine and/or primary amine 
[e.g., A 1170 (aminosilane) ] . 

ST aminosilane polyisocyanate adduct hardener polyurethane coating; 
two component coating metallic substrate adhesion 

IT Polyurethanes , uses 

RL: IMF (Industrial manufacture); POF (Polymer in formulation); TEM 
(Technical or engineered material use) ; PREP (Preparation) ; USES (Uses) 
(acrylic; two-component coating compns. with improved adhesion for 
metallic substrates) 

IT Silanes 

RL: MOA (Modifier or additive use); USES (Uses) 

(oligomers, curing component contg.; two-component coating compns. with 

improved adhesion for metallic substrates) 
IT Acrylic polymers, uses 

RL: IMF (Industrial manufacture); POF (Polymer in formulation); TEM 
(Technical or engineered material use); PREP (Preparation); USES (Uses) 

(polyurethane-; two-component coating compns. with improved adhesion 

for metallic substrates) 
IT Metals, miscellaneous 

RL: MSC (Miscellaneous) 

(substrates; two-component coating compns. with improved adhesion for 

metallic substrates) 

/ 



IT Crosslinking agents 

• (two- component coating compns . with improved adhesion for metallic 
substrates ) 
IT Polyurethanes, uses 

RL: IMF (Industrial manufacture); POF (Polymer in formulation); TEM 
(Technical or engineered material use); PREP (Preparation); USES {Uses, 
(two- component coating compns. with improved adhesion for metallic 
substrates) 
IT Coating materials 

(two-component; two-component coating compns. with improved adhesion 
for metallic substrates) 
IT 250657-75-1, DP 20 382637-53-8, DC 88 

RL: POF (Polymer in formulation); TEM (Technical or engineered material 
use) ; USES (Uses) 

(binder; two-component coating compns. with improved adhesion for 
metallic substrates) 
IT 822-06-0, HDI 4035-89-6, HDI biuret 4098-71-9, IPDI 

82985-35-lD, A 1170, reaction products with polyisocyanates 382635-42-5, 
DH 45 382635-42-90, DH 45, reaction products with aminoal)<oxysilane 
382638-34-8, DH 46 382638-34-8D, DH 46, reaction products with 
aminoalkoxysilane 

RL: MOA (Modifier or additive use); USES (Uses) 

(curing component contg.; two-component coating compns. with improved 
adhesion for metallic substrates) 
IT 7429-90-5, Aluminum, miscellaneous 
RL: MSG (Miscellaneous) 

(substrate; two-component coating compns. with improved adhesion for 
metallic substrates) 
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(54) Title: COATING COMPOSITIONS HAVING IMPROVED ADHESION TO ALUMINUM SUBSTRATES 
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00 

Q\ (57) Abstract: The invention provides coating compositions having improved adhesion to substrates, especially aluminum sub- 
^ strates. The compositions of the invention arc two-component coating compositions having a binder component (I) and a hardener 
^ component (D). Binder component (0 has at least one active hydrogen containing compound. Hardener component (D) has an iso- 
cyanate functiona] compound (A), and a silane oligomer (B). Silane oligomer (B) is the leaction product of isocyanate functional 
O compound (A) and a conpling agent (X) comprising (i) at least one alkoxysilane functional group, and (ii) at least one isocyanate re- 
^ active group selected fiom the group consisting of thiol groups secondary amine groups, primary amine groups and mixuires thereof. 
<^ The silane oligomer (B) comprises at least two fiee iso<^anate groups. 
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COATING COMPOSITIONS HAVING IMPROVED 
ADHESION TO ALUMXNDM SUBSTRATES 

FIELD OF THE INVENTION 
S The invenfion relates to two-conqionent coathig conq)ositions fin* use with 

metallic sabstrates such as ahiminum siibstiates. More particularly, the invention 
relates to the use of a particular hardener coniposition coniprising a psiticular silane 
oligom^. 

BACKGROUND OF THE INVENTION 
1 0 Fuel consumption issues have encouraged automobile manufecturers to 

e^qplore ways of reducing the total weight per car. One method to achieve automobile 
weight reduction has been the use of materials other than traditional steel in the 
production of the various automotive components, including flie outer body panels. 
To this end, plastics, coirq)osites, ceramics and lower weight metals have been 
15 investigated. 

Lower weight metals, such as aluminum and aluminum alloys, are particularly 
interesting with respect to flie fabrication of outer body panels, wheels and decorative 
con^Kjnaits. Such con:q)onents are often coated with higji performance paint 
compositions designed to provide both an attractive ^peaxance as well as protection 

20 from the environment. However, metals such as aluminum present perfonnance 

chailaiges to the coatings formulator whidi are difiEerent than those encountered with 
traditional steel based systems. 

Aluminum is ofbea pretreated with materials such as chromic acid conversion 
coatings to fecilitate the adheciaice of subsequentiy ^plied coatings. However, such 

25 pietreatmenls aie undesirable due to a variety of&ctors including cost, time, disposal 
issues and oiviroimiaital/safiiey concerns. It is therefore desueable to provide coating 
compositions which would provide acceptable adhesion to bare, untreated aluminum 
substrates and still provide desneable appearance and perfimnance properties, 
especially those required by the automotive industry. 

30 Adherence to bare aluminum substrates is an issue for both original equipmoot 

manu&cturers and autobody repair organizations. Rqpair procedures often require 
removal of all radsiting paint layers. Accordingly, it is also desureable for automotive 
repair coating congrasitions to possess superior adhesion to bare, untreated aluminum 
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substrates and still provide optimimum appesawce and perfbrmance properti^. 
However, unlike coating compositions applied by the automotive assembly plant, 
automotive repair must cure at eithar room temperature or at a relatively low 
temperature, typically below 60° C. 
5 Two-conqjonent coating compositions are most often used by automotive 

repair organizations to achieve the necessary balance between low temperature cure 
and perjformance prop^es equival^t to the originally ^plied finish. A particular 
problem of prior art two-conqranent compositions has been the obtainment of 
adequate storage stability with respect to the individual coiiq}onents m combination 

10 widi the desired adhesion properties for tibe cured conq)osition resulting fiomtiie 
mixture of &e sq)arate conqionents. It is necessary that the separate conq)onaits of 
any two-component coating cornposition be stable and cq)able of storage for vip to 
twelve (12) months under prqper storage conditions. 

Accordingly, it would be advantageous to provide a two-coiiq)onent coating 

1 5 conq>osition which would provide superior adhesion to bare, untreated aluminum 
substrates and still provide desireable stability, ^>pearance and performance 
properties, especially as required by the automotive rqiair industry. 

The prior ait has attempted to meet these objectives but continues to seek 
nttpiovemaits. 

20 For exanqile, U.S. Patent No. 4,625,012 discloses mediods for making a 

moisture curable polyurethane handng tenninal isocyanate groups and pedant 
aUcDxysilane groups by reacting an isocyanatosilane adduct, having terminal 
isocyanate groups and at least one hydrolyzable alkoxy groiq) bonded to silicon, with a 
polyisoc^anate and a polyol, as well as sealant conqwsitions containing sudi a 

25 polyurethane. 

U.S. Patrait No. 4,374,237 discloses curable isocyanate prepolymers in which 
all or a portion of the a^^Hable isocyanate terminal groups have been reacted with a 
secondary amine-containing silane monomar having two trialkoxy silane groups. 
IP 01 149820 A provides a curable composition which contains the reaction 

30 product of (i) a particular sUyl group- and isocyanate group-containing vinyl polymer; 
Cu) a polyol; (pi) apolyisocyanate; and, as needed, (iv) an active hydrogen-containing 
silane coupling agent or isocyanate organosilane. 
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However, none of these conqx)sitioiis appear to provide the perfonnance 
and/or appUcation properties indicated above. Jn. particular, none of the prior art 
compositions provide automotive quality coatings which (i) have superior adhesion to 
bare ahmiinmn substrates, (ii) have optimum coating ^pearance and gloss as weU as 
5 other d^ireable performance properties, (iii) exhibit desireable cure under typical 
autobody repair shop conditions, i.e., cure rapidly (i.e., sandable within one (1) to two 
(2) hours of application) at temperatures of eCC or less and at humidity levels of 
10% or less witiwut saisitivity to ambient cure conditions, and (iv) possess 
conmietcially acceptable storage stability. 
1 0 Accordingly, it is an object of fiiis invaition to provide coating compositions 

which provide siq>e3iar adhesion to bare, untreated aliiminum substrates and poss^ 
desireable qjpearance, storage, and perfonnance properties, especially adhesion 
properties, which meet the requirements of the automotive industry. 

It is a Sjn&ex object of the invention to provide such coating conttpositions 
IS which are suitable for use in die repair of OEM automotive firdshes. 

It is still a further object of tiie invrardon to provide a two-conq>onirait coating 
coating composition which has siqjerior adhesion to bare, untreated aluminum 
substrates and meets the stabiUty, ^pearance, performance and qrplication 
requirements of the automotive repair industry. 
20 SUMMARY OF THE INVENTION 

The fore^ing objects have unexpectedly been achieved with the use of the 
CQn:q}ositions and methods of the instant inventioru The invention provides a two- 
component coating con^sition and a method of providing a cured coating 
composition. 

25 The twDKsomponent coating composition requires a binder con^nQit (I) arid 

a hardener con^)onaIt (U). Binder conq>onent (I) has at least one active hydrogen 
containing con:ipound Hardener componmt (IQ requires an isocyanate functional 
oonqpound (A) having an average isocyanate functionality of two or mor^ and a silane 
oligomer (B). Silane oUgomer (B) is the reaction product of isocyanate (A) and a 

30 coupUng agent pQ. Coupling agent (X) must have (i) at least one alkoxysilane 

functional groi^, and (n) at least one group reactive with isocyanate selected fiom the 
group consisting of thiol groiq)s, secondary amine groups, primary amine groups and 
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mixtures thereof. The silane oligomer (B) comprises at least two free isocyanate 
groups. 

The method of flie iavention requires the provision of the two-component 
coating composition of the invention, mixiTig the binder component (T) with the 
5 hardener component (U) to provide a curable coating cornposition, ^plying the 
curable coating conq)osition to a substrate to provide a curable coated substrate, and 
subjecting the cuiable coated substrate to conditions sufBcient to effect cure and 
provide a cured coated substrate. 

DETAHJED DESCRiraON OF THE INVENTION 

10 The curable coating conq)osition of the invention is a two-componeat coating 

conq)OsitioiL As used herein, the term "two-componeaif ' refers to the number of 
solutions and/or dispersions which are mixed together to provide a curable coating 
compositioii. Up until the point of mixing, neither of the individual components alone 
provides a curable coating cornpositiatL 

1 S Once mixed, the resulting curable coating conq>osition is ^plied to a substrate 

as quickly as possible. Typically, "as quickly as possible** means immediately after 
the mixing of fbe sq>arate conqjonents or within ei^t (8) hours from the time Ihe 
separate components are mixed, pre&rably less than one (1) hour after mivirig . Ja a 
typical two-con^nent application process the components are mixed together dfter 

20 0 at the nozzle of a sprayer by the joining of two separate carrier lines at the nozzle or 
(ii) immediately iq)stream of die nozzle of a sprays- and then delivered to the nozzle 
via a sin^e carrier line. Once at the nozzle, the mixture is irnmediatelyatoniized into 
a mist wMdi is directed at a substrate wlii(± is bdng coated with a film of &e mixture 
of the two-cQnq)onent5. 

25 Unlike one-conoponent compositions, two-con^onent compositions will 

generally cure in the absence of elevated temperatures. The individual components (I) 
and 01) wiU react widi ea(^ other tq)oa admixture to provide a crosslinked product 
most often at ambient temperatures, or more particularly at teniperatures of from IS to 
60° C and most preferably from 24 to 60°C. 

30 The two-component coating composition conq>iises a binder componoit (I) 

and a hardener component (II). 

The binder conq)onaQt (I) must have at least one active hydrogen-containing 
compound. The at least one hydrogen containing compound will generally be a 
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polymer having at least one group reactive with isocyanate functionality. Groiqjs 
reactive with isocyanate functionality raclude, for example, hydroxyl graaps, amino 
groiqjs, thiol groups, hydrazine groups, and mixtures thereof Illustrative polymers 
containing such functional groups include, for example, acrylic polymers, modified 
5 acrylic polymers, polyesters, polyepoxides, polycarbonates, polyurdhaoes, 
polyamides, polyimides, and mixtures diareof. 

In one preferred embodiment of the invention, the polymer is an acryhc. Such 
polymers are well-known in ftie art, and can be prepared &om monomers such as 
meth>4 acrylate, acrylic acid, methacrylic acid, methyl methacrjdate, butyl 

1 0 methacrylate, cyclohexyl methacrjdate, and the like. Nonfunctional monomas such 
acrylate estexs and styrene can also be incorporaled. The functional group that is 
reactive with iso^ranate, e.g., hydroxyl, can be incoipoiated into ttie ester portion of 
the aorylic monomer. For example, hydroxy-functional acrylic monomers that can be 
used to fincm such polymers include hydroxyethyl acrylate, hydroxybutjd acrylate, 

1 5 hydroxybutyd methacrylate, hydroxypropyl acrjdate, and the like. Anunofinictional 
acr^c monomers would include t-but^aminoeth;^ mefliacc^ate and t- 
butydaminoefli^bcrylatB. Ottier aoylic monomeis having isocyanate-ieactive 
functional groups in the ester portion of flie monomer are also within the skill of the 
ait. 

20 In a particularly pijdren:edem]x)dimeQt, the binder (1) will comptise at least 

one acrylic polymer pr^ared fiom monomers selected fiom the group consisting of 
acr}4ic add, methacr^c acid, acrylate aUgd esters, hydroxyfimctional acrylate esters, 
ediyieticially unsaturated nonfimtional monomers and mixtures thereof Such a 
polymer will generally have an number average molecular weight in the range of 

25 fix>m 1000 to 50,000, a hydroxyl numba: of from 200 to 3000 mg KOH/g, and an acid 
number in the range of fiom 0.1 to 25 mg KOH/g. 

Modified acaylics can also be used as the at least one active hydrogen 
contaimng comopound according to the invention. Such acrylics are typically 
polyestrar-modified acrylics or polyurdfaane-modified acsytics, as is well known in the 

30 art An exaooaple of one preferred polyester-modified acrylic is an acrylic polymer 
modified with S^^iolactone. Such a polyester-modified acrylic is described in U.S. 
Pat No. 4,546,046 of Etzell et al, the disclosure of which is incorporated herein by 
reference. Polyun^han&modified acr^cs are also well known in the ait They are 
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described, for example, in U.S. Pat No. 4,584,354, the disclosure of which is 
incorporated herein by reference. 

Polyesters having hydroxyl groups, acid groups, or amino groups as 
isocyanate-reactive groups can also be used as in component (T) in the composition 
5 according to the invention. Such polyesters are weU-known in the art, and may be 
prepared by the polyestaTfication of organic polycarboxylic acids (e.g., phthalic add, 
hexahydrophthalic acid, adipic acid, maleic acid) or their anhydrides with organic 
polyols containing primary or secondary hydroxyl groups (e.g., ethjiene glycol, 
butylene glycol, neopentyl glycol). 

10 Ofh&L polymors suitable fixr use in binder (I) include polyuiethanes and 

polyureas. Polyuretlianes having active hydrogen functional groups are also well- 
known in the art They are prepared by a chain extension reaction of a polyisocyanate 
(e.g., hexameth;^aie diisocyanate, isophorone diisocyanate, MD^ etc.) and apolyol 
(e.g., 1,6-hexanediol, 1,4-butanediol, neopentyl glycol, tiimetfaylol propane). 

15 Similarly, polyureas having active hydrogmflmctianal groups are prepare 

reaction of a isocyanate functional con:q>ound, such as is discussed above for the 
prqiaration of polyureihanes, with amines such as primary and secondary amines. 
Botii polyuTBthanes and polyureas can be provided wilh active hydrogen functional 
groups by cappbag ihe polymo: chain with an excess of diol, polyamine, amino 

20 alcohol, or the like. 

Binder compoosait Q) may also conqxrise &rfher a^nts and/or additives which 
inq>ait a desired characteristic to the coating corrposition, Ihe proce^ or to the cured 
coating made tiierefiom. Illustrative exantples include diluents, solvents, pigments, 
fillers, extenders, dyes, sur6ctants, stabilizers, wetting agents, dispersing agoits, 

25 iheology control ag^ts, leveling agents, catalysts, cure inhibiting agents, anti- 
yeUowing agents, fiiee radical scavenge, melamine, and anti-cratering agents, 
mixtures fhoreo^ and ttie like. 

Examples of preferred diluents include low molecular wdght polyols such as 
those described in U.S. Patent No.4,3 14,91 8, aspaitatic adducts such as tiiose 

30 described in US Patent Nos.5,214,086, 5,661,216, and the like. 

Con:]5)onent (T) will generally coinprise j&om 10 to 100 percent by weight 
nonvolatile of the at least one active hydrogen containing compound, and preferably 
&om 20 to 60 weight percent nonvolatile and most preferably from 25 to 50 percent 
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by weight nonvolatile, based on the total weight of component (T). 

The two-component conq)Osition of the invention further reqiiires a hardener 
composition (II). The hardener component (ET) must conq)rise an isocyanate 
functional contpound (A) and a silane oligomer (B). 
5 Smtable isocyanate fimctional conqraunds (A) include polyisocyanates which 

are aliphatic, including cycloaliphatic polyisocyanates, or aromatic. Usefiil alqjhatic 
polyisocyanates include aliphatic diisocyanates such as ethylene diisocyanate, 1^- 
diisocyanatopropane, 1,3-diisocyaaatopropane, 1,6-diisocyanatohexane, 1,4-but^ene 
diisocyanate, lysine diisocyanate, hexamethjdene diisocyanate (HDI), 1,4-methylene 

10 bis-(cyclohexylisocyanate) and isophorone diisocyanate. Useful aromatic 
diisocyanates include the various isomers of toluene diisocyanate, meta- 
xyienediioscyanate and para-xylenediisocyanate, also 4-diloro-l,3-phenyiene 
diisocyanate, l,5-tetcahydro-n2q)hthalen.e diisocyanate, 4,4'-dibenzyl diisocyanate and 
1,2,4-benzexie triisocyanate can be used. In addition, the various isomers of 

15 .a^ha.,.alpha.,.alpha.',.a]pha.'-tetramethyi xylene diisocyanate can be used. Aliphatic 
polyisocyanates are preferred, particular^ hexameth^dene diisocyanate and 
isophonme diisocyanate. 

Also suitable fx use are the biur^, aliphonales and/or isocyanutates of such 
aliphatic or aromatic polyisocyanates. Preferred &r use as isocyanate functional 

20 compounds (A) are the biui^ and isocyanurate of polyisocyanates, especially of the 
aliphatic polyisocyantes such as bex:amethyleiie diisocyanate and isophorone 
diisocyanate. Most preferred forjise-as.ihe_isQcyaaate fimctional compounds (A) are 
the biurets and isocyanorates ofhexamethylene diisocyanate. ^ 
Suitable isocyanate fimctional compoimds (A) will have an average isocyanate 

25 fimctionality of at fixmi 2 to 5, preferably at least two and more preferably &cm 3 to 4. 
Ideally, isocyanate fimctional compound (A) wiU generally have at least two firee or 
reactable isocyanate groups per molecule and more preferably wiU have three fiee 
fimctional gtoiqps per molecule. However, it will be appreciated that commercially 
available isocgratiatefiinctioiialcoinpoundswiUgeiieraUy not be piirecoinpounds. As 

30 a result, a commercially available isocyanate fimctional confound intended to have 
three fiee isocyanate grov^ per molecule will have an average isocyanate 
fimctionality of greater than 3, generally fix>m 3 to 4. 
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In addition to isocyanate fimctional compounci (A), hardemer (II) will also 
comprise a silane oligomer (B) wiiicli is the reaction product of compouad (A) and a 
coiq)lLng agent PQ. Silane oligomers (B) suitable for use in the instant invention will 
have at least two free isocj'anate groiq>s. 

5 

Silane oligomer (B) results fiom the reaction of an isocyanate functional 
CQnq)onnd (A) and a coiqjling agent (X). 

The reaction betweai coiq)ling agent (X) and an isocyanate fimctional 
compound (A) will occur at ambient tenqjeratures of fiom 1 0 to 30 °C. It will be 

10 predated that isocyanate fimctional con:pound (A) reacted witii coiq)liag agent (X) 
may be the same or different as the isocyanate fimctional compound (A) used in 
hardeno: con^nent (D) of the coating composition of the invention, hi a most 
preferred embodiment, the compound (A) reacted with coi^ling agent (X) will be tibie 
same as tibte cooqioimd (A) presrait in fiie hardener componssit (D) of the coating 

15 comqposition of the invoitiQn. 

The reactants (X) and (A) maybe reacted in situ in ahardener componoit QS) 
or in a s^arate reaction area. Id the latter case, the resulting oligomer (B) will be 
subsequently added to an intended hardener component^. Mapreferred 
onbodiment of die invention, the coupling a^t PQ will be added directly to a 

20 hardener CQnqwnotit (Q). MtMs embodiment the resuhmg silane oligomer (B) is 
produced via the in stu reaction at ambient temperature of isocyanate fimctional 
compound (A) and coiq)ling agent (X) in hardaiercorr^onent(n). In a most 
preferred embodiment, the isocyanate fimctional compound (A) reacted in situ in the 
component (D) with coupling agent (X) is the same as the isocyanate fimctional 

25 compound (A) in coiiq)onent (U). 

CaapHog agent (X) must have (i) at least one alkoxysDane fimctional group, 
and (ii) at least one group reactive with isocyanate selected fiom the grotq> consisting 
oftiiiolgroiqjs, secondary amine groups, primary amine groiq)s and mbdures thereof • 
Preferred coupling agents (X) are aminosilanes, and most preferably, coupling agent 

30 (X) will be an aminosilane having at least one secondary amino group. Ma 

particularly preferred anbodiment of tiie invention, canpimg a^it (X) will have die 
formula: 
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H 
I 

Z-R2-Y-(Ri)h 

5 wherein the variables Z, Ki, R2, Y and h are defined as follows. 

Rl maybe selected firom the groiq) consisting of hydrogen, alkyl groiqjs, 
cycloaliphatic groiq)s, aromatic groups, arylalkyl grovq)s, groups of the formula R2-Z 
wherein Z and R2 are as defined below, and nuxtures tiiereot Preferrably, Ri will be 
R2-Z as defined below. 

10 h is a number &om 0 to 1, but is most preferably 1, especially when Y is N. Y 

may be N or S but with the proviso that -whea Y is S, h = 0. Y is most preferably N. 

R2 is selected fitjm tibe group consisting of alkyl groups, cycloaUphatic groups, 
aromatic groups, arylalky groins, heteratomic groups containing atoms selected firom 
the group consisting of Si, O, and mixtmes thereof and mixtures ttiereof Preferrably, 

15 R2 will be an alkyl groiqj, cycloaliphatic group, aromatic groiqj, or arylalkyl groiq) of 
fxsm. 1 to 18 carbons, with alkyl groins and cycloaliphatic groups being more 
prrferred, especially alkyl groups of fiom 1 to 5. RiandR2 need not be identical, 
althou^ they may be if so desired. 

Z is a siloxy-containing gayup of the fixcmula: 

20 

-SK0R4)i 

(R5)j 

25 where R4 and R5 may be selected fix>m the groiq) consisting of alkyl groups, 
cycloalqjhatic groups, aromatic groiq)s, arjdalky groups, and mixtures thereof. 
Preferrably, R4 and R5 will be an alkyl groiq), cycloaliphatic group, aromatic group, or 
arylalkyl groiQ) of fixnn 1 to 18 carbons, with alkyl groiq)s and cycloaliphatic groups 
being more preferred, especially allsyl gjx>vsps of fiiom 1 to 5, R4 and R^s need not be 

30 identical, although ttiey may be if so desired. 

i is a onmber fiiom 1 to 3, preferably 2 or 3 and most preferably 3, while j is a 
uumba eqaal to 3 - L 

An exan^le of a most preferred coupling agent (X) is bis-(gamma- 
trimethoxysilylpropyl)amine, conmiercially available &om Witco rihpmical as A-1 170 

35 aminosilane. 
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Generally, from 0. 1 to 20.0 weight percent of (X) may be added to compongQt 
(n), based on the nonvolatile weigjit of compound (A), preferably fitan 0.5 to 15.0 
weight pCTcent, based on the nonvolatile wei^t of (A), and most preferably from 1 .0 
to 1 0.0 wei^t percent, based on the nonvolatile weight of (A). Coupling agent (X) 
5 and compound (A) will generally be reacted in no more than a 1 : 1 stoichometric ratio, 
preferably less flian a 1 : 1 stoichometric ratio, and most preferably from 02 : 1 to 
0.01:1. 

It has been unejqjectedly hem foimd that ttie structure of (X) influences the 
allowed concentration of sUane oligomer (B) and isocyanate functional conrpound (A) 

10 in hardaier component (II). For example, whai Rj of coupling agent (X) is hydrogen, 
hardeaer corcqponent (IT) of the invCTtion must have a weight percent nonvolatile of no 
more than 25.0 wei^t percent nonvolatile, preferably from 5.0 to 20.0 weight percent 
nonvolatile, most preferably from 5.0 to 10.0 weight perceot nonvolatile, based on the 
total weight of hardener contponeait (JT). However, when Ri is not hydrogen, the 

1 5 hardener conqx)nent (U) of the invention may have a weight percent nonvolatile of 
finm 5.0 to 100.0 waght percent, preferably from 10 to 90 wei^t precent 
nonvolatile, and most preferably from 20 to 80 wei^t percent nonvolatile, based on 
the total weiglht of hardener conq)onent (H). 

Thus, when Ri is hydrogen, there will generally be from 0.1 to 20.0 weight 

20 percent of silane oligamra: (B), based on the nonvolatile wdg^ of hardener 

component (II) of the invention, and preferably from 0.5 to 15.0 weight percent of 
silane oligomer (B), based on the nonvolatile weigjit of hardener con^onent (II), and 
most preferably from 1.0 to 10.0 weight percent of the silane oligomer (B), based on 
the nonvolatile wei^t of hardener coniponent (II). When Ri is not hydrogen, there 

25 will generally be from 0.1 to 20.0 weight percent of silane oligomer (B), based on the 
nonvolatile weight of hardm^ component (D) of the invention, and preferably from 
0.5 to 15.0 weight percait of silane oligomer (B), based on the nonvolatile wei^ of 
hardener conq>onet)t (H), and most preferably from 1.0 to 10.0 weigjht percent of frie 
silane oligomer (B), based on tiie nonvolatile weigjit of hardener componeat (El). 

30 Component (D) may also comprise fiirther agents and/or additives vtiiich 

impart a desired characteristic to the coating cotnposition, the process, or to the cured 
coating made therefrom. Illustrative exaniples include diluents, solvaits, pigments, 
fillos, ^tenders, dyes, sur&ctants, stabilizes, wetting agents, dispersing agents, 

10 
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rheology control agents, leveling agents, catalysts, cure inhibiting agente, anti- 
yeUowing agents, firee radical scavengers, melamine, and anti-crataiQg agents, 
mixtures thereof, and flie like. However, in the preferred embodiments of the 
invention, such agents and/or additives will be preferably in the component (T) other 
5 than one or more catalysts which wiU preferably be present in component (II). 
Exarr^les of suitable catdysts for use in component (D) include tertiary amines, 
dibut}dttndilaurate, zdnc octoate and the like. 

Component (U) may also comprise one or more solvents. In a preferred 
embodiment, component (E) will include one or more solvents. Suitable solvents 

10 and/or dihients include aromatics, napflias, acetate, ethers, esters, ketones, ether esters 
and mixtmes thereo£ 

The cooa|)osition of the present invention may further comprise any additional 
ingredi^t which imparts any desired characteristic to the con^josition, or to the 
process, or to tiie curable or cured coatiAg compositian made therefiom. Such 

1 5 additional ingredients comprise ifaeology control agents, leveling agents, catalysts, 
cure inhibiting agents, anti-yellowing agaots, fiee radical scavengers, melamine, and 
anti-crateiing agents. Such additives may be presoit in componmt (J) or component 
(n) but as indicated above, will preferably be present in component (1). 

In fhs process of the preset invention, tiie two-campoDBnt conqxjsition of the 

20 invention is provided aid iinxed to pn>vide a curable coating coroposition. The 

resulting curable coating conq>osition is tiien ^lied to a substrate to provide a film or 
a coated substrate, following ^diich the coated substrate is cured to provide a cured 
coated substrate. 

The step of jqjplying Hie curable coating con^ostion to a substrate will 
25 typically occur within 8 hours of mixing the components (1) and (IT), preferably within 
4 hours of mimg more preferably within 1 hour, and most preferably witiiin 30 
minutes of mixing cQnq)onenls (I) and (D). 

The process of the invention may be used with any substrate onto whidi a 
coating formulation can be ^plied and cured. Preferably, the substrate will be 
30 metallic, polymeric, amorphous (e.g. glass), or a mixture tiiereof Most preferably, 
the substrate is an aluminum substrate and most especially a bare, untreated aluminum 
substrate suitable for use as an automotive body panel or component 

In the process of the pies^ invention, tiie two-componait conqwsitian to be 

11 
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used is the composition of the present invention, as has been described in detail above. 
A preferred process of the present invention utilizes the preferred composition of the 
present invention, as has also been described in detail above. A most preferred process 
of the present invention utilizes a most preferred coir5)osition of the present invention, 
5 as has also been described in drfail above. 

In general, the two-conqjonent composition of tihe present invention may be 
opaque or transparent, colored or colorless. The coating composition may thus be 
utilized in a process whereby it is a first coating on the substrate, an intermediate 
coating on the substrate, or an iqjpennost coating on the substrate. However, it is 
1 0 preferred that the coating conq)osition is both pigm^ted and most prefeably 

pigmented to provide conosion protection for the undarlying metallic substrate. It is 
also preferred that flie coating conqjosition is utilized in a process wherdby it forms tiie 
lowoxnost coating on the substrate, i.e. it is qjplied directly to the bare untreated 
metal, preferably aluminum substrate. Thus it is preferred fliat the coating composition 
15 of the present invention is used to form an automotive quality primer for use over 
bare, untreated aluminum. 

Althougji the following Example illustrate different embodimrats of the 
presCTt invention, the present invention is not limited to or by these examples. 

EXAMPLE 1 

20 Two-rnm ponent Clearcoat according to flie Invention. 

A two-component clearcoat accotding to the invention was prepared as 
follows. A hardener component was prepared by mixing 28.4 parts of A-1 170, an 
amino silane commercially available from Witco Chemical, with 400.0 parts of a 
commercially available HDI based hardens from BASF Corporation of Whitehouse, 
25 OH.^ The harderier component ofthe invention was then mixed 1:4 (voluine) with a 
commercially available acrylic based clearcoat composition 6am BASF Corporation^ 

EXAMPLE 2 

Comp arisnn n f the Two-Q wnpwifint Clearooat o fthe Tnventinn 
The clearcoat of £xanq)le 1 was compared with a control two-componrait 
30 clearcoat. The control clearcoat was prepared by mixing 4 volume parts of BASF's 
DC88 Clear with 1 volume part of BASF's DH45 Hatdaier. Both clearcoats were 

' BASF's DH45Haideiicr. 
2 BASF's DCSSaear. 
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sprayed q)plied to aluminum panels (Q-Panel, Aluminum, Mill Finish 3 1 05 H24). 
The aluminum panels were prepared wifli a solvent wash commercially available from 
BASF Corporation as BASF #900 solvent wash. Both panels had proximately 2.0 
mils dried film after curing for seven days at 73 degrees F. Initial adhesion loss for 
5 the control clearcoat was 1 00% while flie initial adhesion loss for the clearcoat of the 
invention was 4%. Adhesion loss was measvured wi1h ttie cross hatch adhesion test, 
i.e., a 1" X 1" block of 25 squares was cut using a grid, with each square representing 
4% of file total measured adhesion. The panels were then placed m a 100% Relative 
Humidity test at 1 00 degrees F for 96 hours. Final adhesion for the control clearcoat 
10 was 100%, while the clearcoat of tiie invention had 0% final adhesion loss. 

EXAMPLES 
Two-Component Primer according to the Invention. 
A two-coitq>onent primer axxxndiiig to the invention was prepared as follows. 
A haideaea: conq)on6nt was prepared by mixing 0.38 parts of A-1 170, an amino silane 
15 commercially available firan Witco Chemical, with 6.17 parts of a commercially 
available HDI based hardenafix>m BASF Corporation audi 7. 11 parts of a 
commercially available reducer fiomBASF.^ The resulting hardener componait of 
ttie invention was Aibq mixed 2:4 (volume) wifh a cammerdally available acr^c 
based primer conqx>sition fix>m BASF Corpoaration.^ 
20 EXAMPLE 4 

Conroarison of flie Two-Component Primer of the lovaition. 
A control two-conq)onmt primer was prepared by Tniying 4 volume parts of 
BASF's DP20 Primer wifli 2 volume parts of BASF's commercially available DH46 
Hardenei/PR80 Reducer blend. 
25 Both primers were sprayed applied to al uminum panels (Q-Panel, Aluminum, 

Mill Finish 31 05 H24). The aluminum panels were prepared with a solvent wash 
commerdafly available firam BASF Coiparation as BASF #900 solvent wash. Both 
panels had i^iproxtmately 2.0 mils primer winch was sanded with P400 grit sand^^er 
proximately 120 minutes afta- spray application. AbasecoatlayerofR-M® 
30 Diamont "Blue OBM^' mixed 4:3:0.4 by volume with PR80 Reducer and BASF's 
DH46 Hardener was then spray plied The basecoat was flashed for 15 minutes at 

^ BASF's DH46 HaidoBT and mo Reducer. 
♦BASPsDP20 Prima. 
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ambient followed by spray ^plication of a clearcoat layer of BASF's commerically 
available DC92 Qear mixed 3:1:1 by volume with DH46 Hardener and PR80 
Reducer. AH panels had ^proximately 1.0 mils of basecoat and 2.0 mils of clearcoat 
The prepared panels were then cured for 7 days at 73 degrees F. 
5 Initial adhesion loss for the control panel was 4% while the initial adhesion 

loss for the panel containing the primer of the invention was 0%. Adhesion loss was 
measured as in Example 2. 

The panels were then placed in a 100% Relative Humidity test at 100 degrees 
F for 1 92 hours. Fnial adhesion loss for the control panel was 1 00%, while the panel 
1 0 containing ttie primer composition of the invention had 0% final adhesion loss. 



15 
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CLAIMS 
I claiiu: 

1 . A two-con^nent coating composition comprising 
a binder component (I) compiising at least one active hydiogea contaimng 

compound, and 

a hardener coitqjonent (E) comprising 

(A) an isocyanate functional componnd, and 

(B) a sHaae oligomer comprising the reaction product of (A) and a 
coiq)ling agent (X) comprising 
(i) at least one alkoxysUane functional groiq), and 
(u) at least one group reactive with isocyanate selected 

from the group consisting of tiiiol groups, secondary 
amine groups, primary amine groups and mixtures 
thereof 

whardn the alane oligomer (B) craqpiises an sverag/i of at least two free isocyanate 
gcoiqis. 

2. The twoK:oiiq)oneat coating composition ofclaiml, further comprisiagliie 
coupling agent pQ having the formula: 

20 H 

I 

Z-R2-Y-(Ri)h 

where 

Ri is selected from the groiq> consisting of hydiograi, all^ groups, 
25 cycbaliphatic groins, aromatic groi^ arylalkyl groiqis, gcoaps of the formula R2-Z 
whoein Z and R2 are as defined below, and mixtures hereof, 
hisamnnberfiomOtD 1, 

Y may be N or S but with the proviso ttiat when Y is S, h = 0, 
R2 is selected from the group consisting of aOqi groups, cycloaliphatic gfxxaps, 
3 0 aromatic groups, aiylalky groiq>s, heteratomic groups containing atoms selected from 
the gcovp consisting of Si, O, and mixtures thereof, and mixtures Aereo^ and 
Z is a siloxy-containing group of the formula: 



10 
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-Si-(0R4)i 

5 

where R4 andRs may or may not be the same and are selected fiom the grotq) 
consisting of allcyd groups, cycloaliphatic groups, aromatic groups, ar^alky groi:q)s, 
and mixtures thoneoJ^ i is 1, 2 or 3, and j is equal to 3 - i. 

10 3. The twoKXjnqionent coating CQCQpositionofclaim 2 wherein couphiig agent 
(X) is bis^^anma-trimethoxysi]yipropl^)amine. 

4. The two-canq>onent coating composition of claim 1 wherein confound (A) 
has an avaiage isocyanate functionality of between 2 and 3. 

15 

5. The two-component coating conqrasition of claim 4 wherein conq)oimd (A) is 
selected fiom tibie group consisting of hexamethylene diisocj/anate isocyanurate, tiie 
biur^ of hexamethylene diisocyanate, the oliphantate of hexametli)4ene diisocyanate, 
isophorone diisocyanate isocyanurate, the biur^ of isophorone diisocyanate, the 

20 oliphantate of isophorone diisocyanate and mixtures thereof. 

6. The two-conq)onent coating composition of claim. 1 wherein silane oligomer 
(B) is present in the hardener component (TI) in an amount of fix)m 0.1 to 20.0 % by 
weight, based on the total nonvolatile weight of the hardener coisypanent (EI). 

25 

7. The two-component coating composition of claim 1 wherein silane oligomer 
(B) is the reaction product of fix>m 0.1 to 80.0 weight percent of coupling agent PQ 
added to an isocyanate fimctional compound (A), based on the nonvolatile weight of 
(A). 

30 

8. A process of providing a cured coating composition, comprising 
providing a two-component coating composition comprising 

a binder component (T) comprising at least one active hydrogen 
containing coinpound, and 

16 
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a haidener component (EE) comprising 

(A) an isocyanate functional compound, and 
(Bi) a silaneoligomCTconq)risingtiie reaction prodiict of 
(A) and a coupling agent (X) comprising 
5 (i) at least one alkoxysUane functional groiq), and 

(ii) at least one group reactive with isocyanate 
selected &om the group consisting of thiol 
groups, secondary amine groups, primaiy 
amine groups and mixtures thereof 
10 wherein the silane oligomer (B) comprises at least two fi:ee isocyanate 

groups, 

mixing the binder componoit (I) with the hardener component (E) to provide a 
curable coating composition, 

applying the coiable coating composition to a substrate to provide a curable 
1 5 coated substrate, and 

subjecting the curable coated substrate to conditions suffidoot to efTect cure 
and provide a cured coated substrate. 

9. The pnx%ssofclaim 8, wfaexein the coiqpliiig agent pQ is of the formula: 
20 H 

I 

Z-R2-Y-(Ri)h 

wii^ce 

Ri is selected &am the group consisting of hydrogen, alkjd gpnipSy 
25 cycloaliphatic gfxnxps, aromatic groiq>s, arylalk^ gn>iq>s, groiq)s of die formula Rz-Z 
wherein Z and are as defined below, and mixtures thereof, 
h is anumber fix>m 0 to 1, 

Y may be N or S but with flie proviso that when Y is S, h = 0, 
R2 is selected &am the group coosistiug of sSkyl gcoi^s, cycloaliphatic scaups, 
30 aromatic gcovps, aiylalky groig>s, hetaratomic groups containing atoms selected fiom 
the gtoiq) consisting of Si, O, and mixtures fh^^eo^ and mixtures thereof, and 
Z is a siloxy-containing group of Ihe fimnula: 
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-Si-(0R4)i 
(R5)j 

5 

whae R4 and Rs may or may not be &e same and are selected fam the groi^ 
consisting of allgd groi:q)s, cycloaliphatic gratis, aromatic gioiq>s, arylaOc/ groiips, 
and mixtures thereof i is 1, 2 or 3, and j is equal to 3 - L 

10 10. A tw^(>-conq)oneQt coating conq>osition comprising 

a binder conqionait (I) conqnising at least one active hydrogen containing 
compound, and 

a hardener component (Q) consisiing essentially of 

(A) an isocyanate functional conipouiid having an average 
15 isocyanate fbnctionality of b^een 2.5 and 4.0, and 

(B) a silane oligomer conqoising the reaction product of (A) and a 
coi^ling ag^ (X) of the formula: 

H 
I 

20 Z^R2-Y-(Ri)h 
where 

Ri is selected fiom the groiq) consisting of hydrogen, allsyl groiqjs, 
cycloaliphatic groups, aromatic groups, arjdalkyl groups, groups of the formula R2-Z 
wherein Z and R2 are as defined below, and mixtures (hereof 
25 h is a number 60m 0 to 1, 

Y maybe N or S but with the proviso tiiat when Y is S, h = 0, 
R2 is selected from the group consisting of alk>d groiqjs, cycloahphatic groiq)s, 
aromatic groups, aiylalky groups, heteratoixdc groups containing atoms selected from 
tiiie groiqj consisting of Si, O, and mixtures thereof and mixtures Ihereo:^ and 
30 Z is a siloxy-containing group of the formula: 

-Si-(0R4)i 

35 
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where R4 andRs may or may not be the same and are selected fiom the g^aup 
consisting of alkyl groups, cycloaliphatic groiqjs, aromatic groiq)s, ar^aDcy groups, 
and mixtures fliereot i is 1 , 2 or 3, and j is equal to 3 - i. 
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